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TESTS OF DYNAJMCAL SUPERSYMMITRILS VIA CHARCED PARTICLE
TRANSFER REACTIONS*

J. A. Cizewskit

Los Alamor Scientific Laborsery
Los Alamos, New Mexico 57349

ABSTRACT

We have im 2stiguiod the @, p) and (t, a) reactions on enriched
191,193, targets, ‘The resullant spectroscvolic strengths are comparca
and contraswed with the expecditions of the dynamical supersymmetry
scheme proposed la: the Pi-Ir region,

INTRODUCTION

One of the most exuiting developments in nuclear structure cedvls
hes been the suggestion of lachello that dynamical supersy mmetricsl m:y
exist in nuclei, The first solution oi the supersynminctrie structire wWas
obtalned for coupling a ir3/2 fermion to an O(G) bosom core and was pre-
dicted! to ovems in tie Pr-Iv region where the even- PL nuelei have been
well deseribed? as exhibiting the Qi) symmet l‘_\'n of the INA and Ir rrround
states have J7=3/2%, The =pinor representation for degeribing the struc-
ture of a particular nuckuws i this region is 8pin (G).

A schevotice level diagrmin for the equivalent even- and vdd-maess

nuclei is shown in Fig. 1. The cigenvalue equatlon for the Suln ()
spectrum s given by

L[N, (Croues), (1110) vp o, A= <2AIr (7] +4) 4 Ca(rp+2) +032]
+l‘-[¢1(11 1»3)-0-'!2(T:+1)]+(‘J(.)+1) (1)

The quantun numb. s are very simllar to those obtained for {G) houon



spectra. N is the total number of bosons; ¢, is similar to = of O() with
Og=Cq=0(L/2) for cven (odd) mass nuclei; 7, is analogous to T of the. O(G)
limit, with 1,=0(1/2) ior cven (odd) nuclei; and J is the total angular
momentum with projection M. As in the case of O() nuclei, v, i3 necessary
to uniquely identify states and is not important in determining transition
pro.abllitics, for ¢xample, Given the simple forms of ¢, =, and T (the
additional Spin (f;) quantum numbers that do not oceur in the O(G) I-oson
symmetry) eq. 1 reduces to the well-known O(G) eizenvalue equation for
even nuclel, Since the character of the states is determined by =, and L
in Fig. 1, for simplicity, we have labeled states with ¢, T, and v A only.,

The Spin (G) level scheme in an odd-mass nucleus i1s not a z:imple
weak-coupling picture. An example is given by the ficst T« 3,/2 multi-
plet \\hnch would seem to be analogous to coupling the 3/2 ¢ around =tate
to the 2* 7wl state in the even core. However, weak couplmg would give
a 7/2, 5/2, 3/2, 1/2 multiplet; in the present case the 3.2 state is
“mlssmg" ' \uth the lowest 3/2% state being of *=5/2 character. In
analsgy to the 0% state of the traditional two-phonon triplet in the even
nucleus being puslhied up in enerpv to becomc the ""hand head" of the
0<0pox SCquence, the "weak coupling" 3/2 state becomes the "band
head" of the first ¢~ 7., x sequence in the odd nucleus.
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Fig. 1,

‘Typleal 8pin (6) spectra for even und odid- mass nuclei,




CHARGED PARTICLE TRANSFEii STRENGTIIS

As In the case for the O(G) limit of the INA (see Rel. -, 5) there
exist analytical expressions for two-neutron transfer strengths for super-
symmetric systems. For Pt, Ir (t.p) recciiens, where arc investigating
N--N-1, lachello has obtained

1°V®" (N—N-1)= a2 EV-'-'\'—"—zl(n - (M -1) - AN-2) ('-\'V'—’—)—) @)

v 2(N+1)\ v 2N
Odd o N _ e 2 _h‘ ‘.&'u_ - NN - _.(&2}.(.1.\' _1 \ ’,
1 n-ye o Syl (nv @, -1) 2l v—-)-) @)

where N, N , and G, refer to the tetal number of husors and the degencracy
of the shel! as in eq. 4 of Ref, 4. Inthe Pt-1r region where N7, eq. 2,3
predict cssentially equal strengihs for Ir t,p) and 1 (t,p). As in O(v)
nuclei no excited L = 0 strengith would be abserved, -

The experimental enhancement factors ohtained from our present
Pt, Ir {{,p) measurements”® 6 are summarized in Table 1 ard are compared
to the supersymmctry predictions. The agreement between the empirical
and predicted strengths appears exceptional. However, problcms do exist.
As expected, essentially no excited L.= 0 strength is observed in the
1931r @, p191r reacticn. However, two 3/2% states above 1 MeV are
strongly (8-15% of g. 8. strength) populated in 19311-, possibly indicating the
emergence of another degree of freedom, Cowparing Ir (t, p) strengths to
those in Os {t, p), the obscrverl? Os strengths are well below the Pt and Ir

TABLE L Pt, Ir {,p) Enhancement Factors and Supersvmmetry Predictions

. a) b)
Reaction oexp ‘exp ‘s. 5
. (yh/sr)

X -
I a1 366(r)  12.7(.4) ©12.7

N=? ]
19, 6.0 s 12.40.2) 12,9
1920 e, %t 303p003) 12.70.6)  13.6

N=8§

Y aem®e 82719 13.150.3) 13,2

a) Experimental cross sectiong from It (Rel, 5) and Irr (Rel, 6) measure-
ment s,
b) Experimental enhancement factors given by ¢q. 1 of Ref. 4,

¢) Dredictions from eq. 2,3 normalized to 181y ¢, p) experimental value,



values, possibly indicating that the expected Os-Ir- 1t sug. - mul*inlet is not
being fully realized. The entire examination of It-Ir-Os stren,, - i, ™irther
complicated if one trics Lo incorporate (p,t) results as well., Althougn .' -
experimental methods in obiaining {p,t) strengths have not been as counsistent
as our present (t,p) measurements, there is a clear indication that the

Ir (p,t) strcngihs# arc far helow the It (p,t) strcngl.hss and possibly even
below the Os (p,t) strengsths. 9 A more consisteat measvrement of Pt, Ir,

Os (p,t) rcactions is necessary to fully understand two-neutron transfer
strengths in this region,

Possibly the most unique aspect of a supersymmetry framework is
that transitions betwcen odd- and even-mass nuclei occur with the same

TABLE 2. 194,196,198 193,193,197, 2)
' . ' s y - ' Jy
Low-Lying d3/2 and $1/2 Strengths in Pt(t,q Ir
Final Nuclcus Ey i Sb) Sre] s ¢

@\'CV) S, 5.
1
93, 0 3/2: 1.6 ¥i.00 =100
N=7 180 /2, 0.11 .07 0
460 3/2, 1.1 4 0. 69 0. 64
73 1/2 0.5(3)
195
%, 0 3/2: 2.1 n1.00  ©@1.00
Ne6 234 @/2)) 0.33 0.16 0
287 3/2,  0.49 0.23 0, 60
70 172 0.75
197, 0 3/2‘: 3.5
N=5 52 1/2 1,2

R) Pt (f..o) measurements of Ref. 10.

b) Spectroscoplic strengths obtained in Ref, 10 using optical modei para-
meters of Ref, 11 for Db (£ a).

¢) Spectroscopic strenpths predicted by eq. 4. Oaly the predictions for
193,195} gpe directly compared to experiment, Similar strengths
would be expected for 1971, but wo low-lying 3,2% state other than
the ground state was populated

d) Our best attempt to obtain the &, strenpth from the unresolved
1/2% - 11/2" doublet at ~79 keV it 199y,



importarce as transitions within one nucleu«. To probe the single-nucleon
transfcer strengths, we have studicd the I (Ea) Ir reactions!? for vnriched
194,196,192y tarsets using a 17 MeV poiarized triton beam,

For the supersymmetry bascd on Q(6) bosons and j=3/2 fermions,
two JT=2/2% statez should be popuiated! in FLit, ¢) Ir reactions, the
ground state with == N+ = and the 7= 0 excited 3/27 state with 5=N- N-¢,
with the ratio of the spectroscopxc strengths, S, 1

Sg=N-1/2)  _N_ 4)
S(o= N +1,2) N +4

No otlkur state should be pnpulated if a single j=3/2 orbital is responsible
for the observed spectrun., The comparison hetveen our £ trocaconic
strengths and the ]Jl‘f'dl(‘llonb bascd oncq. 4 is given in Table 2. Imme-
diately one sees that 91y and 971r do not follow the supersymmctry pre-
dictions in that the observed distributions of dj o strengths are in elear
disagreement. In addition, considervable low-lying §1 /0 strength is
obscrved. Cn the other hand, the distribution of £ ctroscopic strenaths
in 1931r are in good agrecment with the supersymmetry predictions, both
in the distribution of d3/2 strengtn and the prolable 51 /2 strengh,

COXCLUSIONS

Based esscntially on single-particle transfer measurements, we have
shown that a supersymmetry structure does not apply to all Ir nuclei. How-
ever, both a good O(G) Losen description for the even-A nucleus and a
single j=3/2 orbital for the odd-A nucleus are needed to realize a super-
symmetry scheme. Thercfore, a discussion of the validity of this new
approach in this region should be restricted to 191,193 [y, The re.aizaticn
that a dyaamical supersvmmetry applies to nuclei would be the first mani-
feastation of a supersyvnumetry in naturc. It is, thorefore, important to
fully establish the ucgree to which a breukdown of the supersymmetry in
nucle! may be occurring, rather than discarding the model because it
docs not reproduce all possible nuclear propertics.
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